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Abstract

This study presents the integrated guideline of automatic fare collection system and the RFID
systemm for the purpose of improving the methods of data collection and passenger information
systems. The procedures of this study were divided into twa parts. The first part was the details of
the RFID network, the functionality of the system, the system hardware and software architecture.
The second part was the evaluation of bus-operator and user impacts of frequency changing on the
selected bus route no.17 which provided good service of passenger load. This study used an integer
linear programming model to find trip frequencies for operation periods. The objective was to
maximize operator’s profit with constraints of quality of service, which are passenger waiting time
and passenger load. The result of this study appeared that the schedule could be designed to reduce
operating cost which was 0.7 million Baht per year and improve the level of service, especially a
decrement of 7-minutes of passenger-waiting time which was 1.2 million Baht per year. The
evaluation of engineering and economics showed that the integrated of automatic fare collection
system and the RFID system could possible use for bus route no.l7 in Nakhon-Ratchasima

Province, Thailand.

Keywords: Bus / Automatic Fare Collection System / RFID Systern / Linear Programrmng
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A139R 2.1 7EAUMIVINITAUANUUDORA (Passenger Load LOS)

Passenger/Seat :
LOS _ — Comments
Bus Rail

A 0.0 -0.50 1.0 -0.50 No passenger need sit next {0 another
B 0.51 -0.75 0.51-0.75 Passengers can choose where to sit
C 0,76 - 1.00 0.76 — 1.00 All passengers can sit
D 1.01-1.25 1.01 -2.00 Comfortable standee load for design
E 1.26 - 1.50 2.01 -3.00 Maximum schedule load
F >1.50 >3.00 Crush loads |

31 Transit Capacity and Quality of Service Manual, 1999
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3190 2.2 SEAVMIVITNITAIUANMLUUTODN D (Reliability LOS)

LOS On-Time Percentage Comments
A 97.5-100.0% 1 late transit vehicle per month
B 95.0-97.4% 2 late transit vehicle per month
C 90.0 - 94.9% 1 late transit vehicle per week
D §5.0--89.9%
E 80.0 - 84.9% 1 late transit vehicle per direction per week
F <80%

#1171 Transit Capacity and Quality of Service Manual, 1999
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4 600,000 100,000 120,000 76,262.17

5 500,000 100,000 120,000 68,091.22

6 400,000 100,000 120,000 60,795.73

7 300,000 100,000 120,000 54,281.91

8 200,000 100,000 120,000 48,465.99

9 100,000 100,000 120,000 43,273.20

10 - 100,000 120,000 38,636.79
5% - 1,000,000 1,200,000 678,026.76

AT .
4.2 MlFnefunis (Running Cost)
i I ar :icsy =3 ] 3 ) & cﬁ’ as =y
a1 lnreruud s et wuredan a1 lum s 1dnuse Faesiududszmnsonazdsans
1450 vufsniniinis1dsemnnfsydoauion 1 ogaanldds aldolunms 1dsaes

@
UsznoudledIua1e  aail

¥21 anhdusena (Fuel Cost)

5t
LY )

7
= = g 2 =Y o -
mnrisaeuaddsznaunemniusa weagl 1891 USmanisldhiuiudemirnen

a at g A =] o T =
TﬂfJﬁ'i‘iﬂ§$ﬂ11‘113ﬂ'§U61ﬂ]ﬁﬂJu1ﬂiﬁﬂ AT 20-30 DH/FY. UAUNIND 0.29 ans/fuy.

E i 1 Ed ¥ v
dwsnhdufea Wesnnmifneiidiemaauwlu @eunuaniug 2550 amiiuh

¥ v
duszneuns@usnde e ldandnsay 23.04 1m

¥ 3
s 4

anhdudemasesso lagesdszimadliveimisumatn = (0.22 x 23.04)

= 5.06 VINADN LAINHS
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%22 anhidundeau (Lubricating Oil)

¥ 1 ¥
PmmsgeunugUiznouiansiduse wuhms Miniuvasauliswazitoadail

Y 4
1.2.2.1 hihunses
. v ) b
50 lagensilszmesimanlfoumsimiuaTeannn 10,000 ny. doaTen ay 19 6A5 Lazso
v @ r ¥
Tagmiseoan sximsu/fouaioihluniomn 5 5,000 pu. AoaTeq az 7 aas lassim

¥ 1 v
iunToelaamasdnsaz 40 v

g v :
aldaeluns ldihieasaaessoTaomsdsueima = (19x40) / 10,000

= 0.08 1NaBN laay

: o A d : al 1
.2.2.2 ummﬂﬂ‘i/ummﬂamﬂ
o =l A r :’ v o d oy o 9 . 1 ci,
iﬂiﬂEifT’]‘jﬁ‘5$‘l]7T’I']\31‘ﬂ']?!.ﬂﬁfiuﬂﬁlu']ilumﬂﬂmﬁuWNHLﬁﬂQVI'IEﬂ@ﬂ‘] 50,000 Ay, ADAIIT Y

= :‘ Qs o : Y] A e
5 an5 lapnanifueaesuaziiuiudesemaisdaras 45 U

aldwdmsiudeinsiiloe = (45%5) / 50,000
= 0.004 1NNADA lAtUAT
9.2.2,3 ﬁ]ﬁﬂ!ﬂﬁﬂ-
SﬂTﬁfjﬁﬁﬂi:§1W1x‘1ﬁﬂ’l‘ilﬂﬁﬂu‘e’hﬁﬂf’lﬁumiﬂ‘i}ﬂ 5 50,000 ﬂn.ﬁiaﬂ%q a¥ 1 an3 1nos1m

v 1
dwnsnlaomasansas 115 11

alFaed s v = (115% 1)/ 50,000

= 0.002 YTHABA Laluag

u23  aEid {Tire Cost)
=t [ o = to
Auszneums ldensanegadesviouiaaTau auie 825-16 Tasldoralvdsmwan 2 1du oz
1 o 4 3 i 1
vranasnendwau 41du wailunsaadununsvuds Taserslvidnanduas 3,500 1n
1 i 9/ v g ¥ o s as
gNMABABNIIANAUAY 500 1% IgMT IFuet1alnun s IduSms ludanda

wATIIwEulsEana 60,000 nu. daeandessnatglsaudszana: 30,000 nu.

(3,500 X 2)+ (2 X 4 X 500)

ArenesosusvnsTa Inaasdszdinia =
60,000

0.18 VINHDN LA
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%.2.4 ﬂ'1°1i'€l‘uﬁ1§~3 (Maintenance Cost}
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Ed
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OBTIMIZING MODEL FOR BUS ROUTE 17
set [,

set J;

param T{iinl, jinJ};

param R{iinL,jin I};

param F;

param O;

param D §j in J};

param OD{j in J} =0 * D{j];

param f1{iin I, in J};

param t{iin 1, jin J};

var f{iin I, j in J}, integer, >=0;
varal{iinl,jinJ}, integer, >=0;
vara2{iin 1, j in J}, integer, >=0;
var ABB{iin[, ] in I}, integer, >=0;
var ABA{iin [, jinJ}, integer, >={;
var DB{i in I, in J}, integer >=0);
var SB{iin L, j in I}, integer >=0,

var TB, integer, >=0,

81

/* time period */

/* bus route direction */

/* time running it minute */

/* Ridership in time period i direction j */
/* Fare average per passenger-trip */

/* Running cost per vehicte-kilometer */
/* Distance on direction j */

/* Operating Cost per direction */

M Minimum Frequency Required */

/* travel time in time peried i direction j*/

/* assign frequency in time period i direction j */
/* number of bus from j arriving j+1 before i+1%/
7 number of bus from j ammiving j+1 after i+1%/
/% number of bus departure in time period i+1 */

7* number of bus departure in time period i+2%/

/* number of bus from depot to terminal j in time period i */

/* no. of stored bus in time period i direction j*/

7* tota) bus*/

maximize profit : (sum{iin L, j in J} F * R[Lj]) - sum{iin L, jin 3} ffi,j] * OD[j]) - 1832.78 - (580.25 * TB);

s.tmin f{iin L §inJ}: flij]>= f10L,];

s.tarrival_bus before{iinT,jin J}: alli,3-j] <= ((T[i,j] + 120 - T[ij] + t[ij]) * i,j]/ 60);

stconfiinl,jinJ}: alli,3-1] <= fij};

s.tamrival bus before coniiinl,jin J}: alfi3-j] = fij] - a2[i,3+];

s.tsetzerol: ABB[1,1]=10;
s.tsetzero2: ABB[1,2]=10;
s.tsetzerod: ABA{1,1]1=10;
s.t.setzerod: ABA[1.2] =0
s.t.setzeros: ABA[2,2]=10;
s.tsetzerob: ABA[2,1]1=10;
s.tarrival_bus before?2: ABB[2,2] = al{t.2];
s.tarrival bus before?1: ABB[2.1] = al[},1];
s.tamrival_bus before32: ABBI3,2] =al[2,2],
s.tarrival_bus before31: ABB[3,1]1=12al1{2,1];



s.tarrival_bus before42: ABB[4,2] =al[3,2];
s.tarrival bus before41: ABB[4,1] = al{3,1];
s.tarrival_bus before52: ABB[5.2] = al{4,2],
s.t.arrival bus before31: ABB[5,1]1=al[4,1];
s.tarrival bus_before62: ABB[6.2] = al[5,2];
s.tarrival bus before6l: ABB[6,1]=al[5,1%;
s.tarrival bus_before72: ABB{7,2] = al[6,2];
s.tarrival bus before71: ABB[7.1]=al[6.1];
s.tarrival bus before82: ABB[8,2] =al[7,2];
s.tarrival bus before81: ABB[8,1] =al[7,1];
s.tarrival_bus before92: ABB[9,2] = al[8,2];
s.tarrival bus before91: ABB[9,1] =al[8,1];
s.t.amrival bus beforel02: ABB[10,2] = al[9,2];
s.tarrival_bus beforel01: ABBI10,1] =al[9,1];
s.Larrival bus_beforel12: ABB([11,2]1=2al[10,2];
s.tarrival bus beforel11: ABB[11,1]=al[10,1];
s.tarrival bus before122: ABB[12,2] =all11,2];
s.t.arrival bus beforel21: ABB[12,1]=al{l1,1];
s.t.arrival_bus beforel32: ABB{13,2]=al[12,2]:
s.tarrival bus beforel31: ABB[13,1] =al[12,1};
s.tarrival bus after32: ABA[3,2] = a2[1.2];
s.tarrival_bus after31: ABA[3,1]=a2[1,1];
s.tarrival_bus_afterd2: ABA[4.2] = a2[2,2];
s.tarrival bus afterdi: ABA[4,1] = a2[2,1]:
s.tarrival_bus after32: ABA[5,2] =a2|3.2:
s.tarrival_bus after51: ABA|S 1] = a2{3.1];
s.Larrival_bus_after62: ABA6,2] = a2[4,2];
s.tarrival_bus after61: ABA[6,1] = a2{4,1];
s.t.amrival_bus after72: ABA[7,2) = a2[5,2];
s.tarrival_bus_after71: ABA[7.11=a2[5,1];
s.tarrival bus_after82: ABA[R 2] = a2[6,2]:
s.t.arrival bus after1: ABA[8,1] = a2[6,[];
s.tarrival_bus_alter92: ABA|9,2) = a2[7,2];
s.tarrival bus after91: ABA[9,1] =a2[7.1];
s.tarrival bus afterl(2: ABA[10,2] = 22{§,2];

s.tarrival bus after101: ABA[10,1] = a2{8,1];
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srarrival_bus_after]12: ABA[11,2] =a2[9,2];
s.tarrival bus_afteri11: ABA[11,1] = a2[9,1};
s.tarrival bus after]22: ABA[12,2] =a2[10,2];
s.tarrival_bus_afterlZl: ABA[12,1] = a2[10,1];
s.tarrival bus after132: ABA[13,2] = a2[11,2];

starrival bus aftert31: ABA[13,1] =a2[11,1];

stSH{iin1,jind}: SB[1,1]1=0;

st82{iinL jinJ}: SB[1,2]1=0;

s.tstorel{iinl, jin J}: SB[1,j]=DBILjl - fl1j];

s.store2 {iin 1, j in J}: DB[2,j] = SB{1,j] + ABBI[2,j] + ABAI[2,] - f[2,j];

sts3{iinl, jinJ}: SB[2] = DB[2j] + SBILj] + ABB2,j] + ABAI2,] - f12,);
s.L.store3 {iin 1, in J}: DB[3j] = SB[2,j] + ABB[3,j]1 + ABAI{3,j] - f[3,j];

s.Ls4diin, jin J}: SB3] = DBI3,j] + SBI2,j] + ABB[3,j] + ABA[3,j] - fI3,];
sistored{iin I, jin J}: DB[44] = SBI3] + ABBI4j] + ABA[4,] - fl4,];

s.tsS{iinL jinJ}: SB4j] = DBI4,j] + SBI3j] + ABB[4,j] + ABA[4,] - fl44];
ststores{iin L | inJ}: DB[5]] = SB[4,j] + ABB[Sj] + ABA[S,j] - 15,

s.Ls64iin I, j in Jb: SBISj1 = DBI5,j} + SB[4,4] + ABBI5,j] + ABA[5,] - fI5,j1;
s.Lstore6 i in 1, ] in J}: DB6] = SBI5,] + ABB[6,j] + ABAI6,jl - f16,];

s.ts74in L inJ}: SBI6] = DB{6,j] + SBI5,jl + ABB[6,j] + ABA[6,] - 16,j];
s.t.store7{iin I, ] in J}: DB7,j1 = SB[6,j] + ABB[7,j] + ABA[7,j] - f17.];

s.Ls81iin I, | in J3: SBI7,i] = DB[7j] + SBI6,j] + ABBI6 j| + ABAL6,j] - 116,j];
s.tstore8{i in 1, j in J}: DBI&,j] = SB[7,j] + ABB[8,j] + ABAI8j] - fI8j];

s.0s94iin L] in J}: SB[8.j] = DBI8,j] + SBI7,jl - ABB[8 j] + ABA[8,j] - 18,]);
s.tstored{iin I, j in J}: DB{9,j] = SB[8,] + ABB[9,j1 + ABA[9,j] - {19,i];

sts10{iinl, jin I}: SB{9,j1=DB[9,j] + SB[8,] + ABB[9,j] + ABA[9,] - f19,jl;
s.tstorel0fi in I, j in J}: DB[10,] = SBI9,] + ABB[10,j] + ABA[10] - [10,j;
stsltiin[, jinJ}: SB(104]= DBL10,] + SB[9,j] - ABB[10,j]+ ABA{10,]] - f{10,j];
s.tstorel1{iin I, jin J}: DB[1§,] = SBLI04] ~ ABB[11,j] + ABA[11,4] - f{1 1]
s.cs12{iinl, jinJ}: SB{114]=DBI11j]+SB[10,j]+ ABB[11,]+ ABA[114] - fl11,j};
s.tstorel2{iinl, jinJ}: DB[12,4] = SB{11,j] + ABB[12,j] + ABA[12,j] - f[12,j];
sis13{iinl jinJ}: SB[124] = DB[12,j] + SBI11j] + ABB[12,j] + ABA[12,] - {12,
s.tstorel3{iin L j in J}: DB[13,j] = $B{12,j1 = ABB[13,j] + ABA[13,j] - f[13];
stsl4fiinLjinJd}: SB[13,] = DB{13,j] + SB[12,j1+ ABB[13,j] + ABA[13 ] - f{13];

s.ttotalbus: TB >=sum{iin 1, j in I} DBIij};



data;

setl=12345678910111213;

set] =12

param T :1 2=

1 0 0

2 60 . 60
3 [20 120
4 180 180
5 240 240
6 300 300
7 360 360
8 420 420
9 480 480
10 540 540
11 600 600
12 600 660
13 720 720,
param R : 1 2=
] 45 23

2 45 39

3 36 30

4 50 21

5 42 27

6 38 34

7 57 30

& 82 27

9 75 3%

10 66 57

11 a3 53

12 64 59

13 39 33

param F :=10.36;
param O = 3.68;

param D :=125.6 2 25,6,
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end;
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63
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Problem: final 17
Rows: 834

Columns:
Non-zeros: 3870

Status:

Objective: profit = 2653.146 (MAXimum)

3093.1488 (LF)

No. Column name

INTEGER OPTIMAL

Activity  Lower bound

183 (183 integer, 0 binary}

Upper bound
1f1,1] o+ 2 0
21fli2]  * 3 0
32,11 2 0
412,2] % 2 0
513,11 * 2 0
61f3,2) = L2 0
71{4,1] * 2 0
gff42] * 2 O
9f[5,1] * 2 0
101f5,2] = 1 0
11 1]6.1] * 2 0
12 {[6,2] * 3 ]
137,11 = 2 0
1472 * 2 0
15 f[8,1] * 2 0
16 1{8,2] * 1 0
17 9.1) = 2 ]
18 f[92] * 2 0
19 10,11 * 2 0
20102 * 2 0
21 f11,1]  * 2 0
22111,2]  * 3 0
23f12,1] * 2 ]
241112.2] 2 0

86

25 1113,1]
26 1113,2]
27 alll 2]
28 al[l1,1]
29 al{2,2]
30 aif2,1]
31 al[3,2]
32al(3,1]
33 &l[4.2]
34 al{4.,1]
35al1[5,2]
36 all5,11
37 zall6,2]
38al{s.1]
39 al[7.2]
40al1f7,1]
41 alfR,2]
42 ai|8,1]
43 al[9,2]

44 al[9,1]
45 al1{10,2]
46 atf10,1]
47 al[11,2]
48 al[11,1]
49 al{i2.2]
A0 all12,1}
31 al[13,2}
32 ai|13,1]
53 a2(1,2]

54 a2l1,1]

55a2(2,2§

S6a2{2,1]

57 a2[3,2]

58a2(3,1}

59 a2[4,2]

e
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60 22[4,1]
61 a2[5,2]
62 a2(5,1]
63 a2[6,2]
64 a2[6,1]
65 a2(7,2]
66 a2(7,1]
67 a2[8.,2]
68 a2[8&, 1)
69 a2[9,2]
70 22[9,1]
71 a2[10,2]
72 a2{10,1]
73 a2{11,2]
74 22[11,1]
75a2[12.2]
76 a2[12,1]
77 a2(13,2]
78 a2(13,1]
79 ABBI1,1]
80 ABBJ[1,2]
81 ABBI[2,2]
$2 ABB[2,1]
83 ABB{3,2]
84 ABB{3,1]
85 ABB[4,2]
86 ABB[4,1]
87 ABB[5,2]
88 ABBIS,1]
89 ABBI6,2]
90 ABBI6,]]
91 ABBI[7.2]
92 ABB[7,1]
93 ABB[22]
94 ABBIR,1]
95 ABBI9,2}

*

28]

9]

[

[T

o

- & & o O O O

[T e B - e N o

= o o

87

96 ABB([9,1]
97 ABB[10,2]
98 ABB[10,1]
99 ABBJ11,2]
100 ABB[11,1]
101 ABB[12,2]
102 ABB{12,1]
103 ABB[13,2]
104 ABB[13,1]
105 ABA[I,1]
106 ABA[!,2]
107 ABA[2,2]
108 ABA[2,1]
109 ABA[3,2]
110 ABA[3,1]
t11 ABA[4,2]
112 ABA[4,1]
113 ABA[5.2]
114 ABA[5,1]
115 ABA[6,2]
116 ABA[6.1]
i17 ABA[7,2]
118 ABA[7,1}
119 ABA[8.2]
120 ABA[8,1]
121 ABA[9,2]
122 ABA[9,1]
123 ABA{10,2]
124 ABA[10,1]
125 ABA[11,2]
126 ABA[11,1]
127 ABAT12,2]
128 ABA[12,1]
129 ABA[13,2]
130 ABA[13,1]

131 DB[1,!]
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132 DB[1,2]
133 DB[2,1]
134 DB(2,2]
135 DB[3.1]
136 DB[3,2]
137 DB{4,1]
138 DBI[4,2}
139 DB(5,1]
140 DB{5,2]
141 DBI6,1]
142 DB[6,2]
143 DB[7,1]
144 DB[7,2]
145 DBIS,1]
146 DB[8,2]
147 DB[9,1]
148 DB{9.2]
149 DBI10,1]
150 DB} 10,2]
151 DB[11,1]
152 DB[11,2]
153 DB[12,1]
154 DB[12,2]
155 DB[13,1]
156 DB[13,2]
157 SB{1,1
158 SB{1,2]
159 SB(2,1]
160 SB[2,2]
161 SB[3,1]
162 SB[3,2]
163 SBi4,1]
164 SB[4,2]
165 SBIS,1]
166 SBI5,2]
167 SB[8,1]
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168 SB[6,2]
169 SB[7,1]
170 SB[7.2]
171 SBI8.1]
172 SB[8,2]
173 SB[9.1]
174 8B[9,2]
175 SB[10,1]
176 SB[10,2]
177 SB[11,1]
178 SB{11,2]
179 8B[12,1]
180 SB[12,2]
181 SB[13,1]
182 SB[13.2]

183 TB

End of output
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